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Electrophoretic (1, 2) and immunochemical (3, 4) studies on human cere- 
brospinal fluid have established the relationship of the spinal fluid proteins to 
the serum proteins and have shown that, in a large proportion of cases of mul- 
tiple sclerosis, the proportion of gamma globulin in the cerebrospinal fluid is 
increased; a similar increase occurs in neurosyphilis. In multiple sclerosis the 
total protein content of the cerebrospinal fluid is generally normal or but slightly 
elevated, while in neurosyphilis the protein content is usually slightly elevated. 
By contrast, however, a variety of other neurological conditions are charac- 
terized by an increase in the total protein content with little or no increase in 
the proportion of gamma globulin. In these latter conditions, the increase in 
total protein is thought to be derived from the serum as a consequence of in- 
creased permeability accompanying inflammation. 

Since the experimentally produced acute disseminated encephalomyelitis 
(5-8) under investigation in this laboratory in rhesus monkeys presents sim- 
ilarities to the human demyelinating diseases (9, 10), a study of the total pro- 
tein and gamma globulin was undertaken to ascertain the nature of the changes 
in the cerebrospinal fluid proteins in this disease. In general, it was found that 
the acute phase of the disease is usually characterized by a marked increase in 
white cell count, total protein, and in gamma globulin with a definite but less 
pronounced increase in the percentage of gamma globulin to total protein. In 
animals which show a more prolonged course, however, the total protein ap- 
pears to return to normal more rapidly than does the gamma globulin and some 
animals show a striking increase in the ratio of gamma globulin to total protein. 

EXPERIMENTAL 

Cerebrospinal F/u/d.--Cerebrospinal fluid was obtained by lumbar puncture from normal 
monkeys, from monkeys which had been injected with various emulsions with or without 
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brain tissue plus the Freund adjuvants--aquaphor, paraifin oil, and killed tubercle bacilli 
( l l ) - -and had shown no evidence of disseminated encephalomyelitis, and from monkeys 
similarly injected which showed signs and pathological changes characteristic of acute dis- 
seminated encephalomyelitis. Cerebrospinal fluid was collected with sterile precautions, the 
red and white cells counted, and the fluid kept frozen in solid CO~ until analyses were per- 
formed. Fluids showing gross blood were discarded. 

Monkey Gamma Globulin.--The gamma2 globulin was prepared by ethanol fractionation 
in the cold as described by Nicol and Deutsch (12) except that after removal of beta and 
gamma1 globulins (precipitate B (12)) at pH 5.1 in 15 per cent ethanol at 0 ° to --2 ° C., the bulk 
of the gamma2 globulin precipitated at this ethanol concentration on adjusting the pH to 
7.25; only a small additional quantity of gammas globulin was obtained when the ethanol 
concentration was brought to 25 per cent. The monkey gamma2 globulin was examined 
electrophoreticaUy by Dr. Dan H. Moore in 0.15 • NaC1 + 0.02 ~ PO4 buffer at pH 7.4 and 
found to show a single broad peak of mobility -0.45 X 10 -5 cm.2/volt sec. with at most traces 
of other materials. In barbiturate buffer at pH 8.6, a single peak was seen of mobility -1 .4  
X 10 -~ cm.~/volt sec. with a sharp spike similar to the so called beta anomaly except that it 
appeared behind the gamma globulin boundary. 

Anlisera to Monkey Gamma~ Globulin.--Antisera were prepared by injecting rabbits four 
times weekly for 4 weeks with alum-precipitated monkey gamma globulin, using a total of 
about 20 rag. for the course of sixteen injections. The animals were bled 5 to 7 days after the 
last injection. The rabbits received a second series of injections and additional serum was 
obtained. The agar diffusion technic of Oudin (13) was employed to find out whether or not 
the anti-monkey gamma globulin sera contained antibody only to a single antigen. Portions of 
the antisera were mixed with an equal volume of 1 per cent agar and allowed to solidify in 75 X 
10 ram. tubes. Whole monkey serum was then layered on the agar and the tubes observed 
daily. As diffusion of the monkey serum proteins into the agar took place, only a single broad 
slowly moving band characteristic of gamma globulin was observed in all but one of the 
twelve samples of antiserum. The exceptional serum showed a very faint band moving more 
rapidly than the main gamma globulin band and was not used for determinations of cerebro- 
spinal fluid gamma globulin; this band was no longer visible when the antiserum was diluted 
with an equal volume of saline before mixing with agar. 

Immunochemical Estimation of Gamma Globulin in Monkey Cerdrtospinal Fluid.--The 
microquantitative precipitin method of Heldelberger and MacPherson (14) was used except 
that the washed specific precipitates were analyzed by the Markham micro-Kjeldahl technic 
(of. reference 15). The procedure employed was essentially that previously described for 
estimation of albumin and gamma globulin in human cerebrospinal fluid (3). Several antisera 
to monkey gamma globulin were pooled and diluted to contain about 100 to 150 #g. antibody 
N per ml. The antiserum pool is calibrated by addition of increasing known amounts of puri- 
fied monkey gamma globulin to 1 ml. portions of antiserum. After I hour at 37 ° C. and 48 
hours in the refrigerator, the precipitates are centrifuged off, washed twice in the cold with 
saline, and analyzed for nitrogen. Total N precipitated is plotted against quantity of antigen 
added. The gamma globulin in cerebrospinal fluid is determined by adding an appropriate 
volume of cerebrospinal fluid to 1 ml. of the antiserum such that the total N precipitated will 
fall on the calibration curve, measuring the total N in the washed precipitates and reading 
off the corresponding gamma globulin content from the curve. Analyses are valid only in the 
region of antibody excess (el. references 16, 15, 3). Each serum supematant is tested by 
dividing in half and adding antigen to one portion and antibody to the other to establish 
whether antibody or antigen is present in excess. 

The supernatant tests provided further evidence that the antiserum contained antibody 
only to gamma globulin in that single superuatauts did not show tests for the presence of 
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both antigen and antibody (cf. references 17, 15, 18). In addition, the same values for gamma 
globulin, within experimental error, were obtained when the same spinal fluid was analyzed 
with different callbrated antiserum pools. 

The total protein content of the cerebrospinal fluids was determined turbidimetrically 
after addition of mlfosalicylic acid. Results of total protein and gamma globulin are reported 
in rag. per 100 ml. of cerebrospinal fluid; the percentage of gamma globulin to total protein 
is also given. 

In a considerable number of instances the quantity of cerebrospinal fluid obtained was not 
sufficient for analyses for gamma globulin to be performed in duplicate. 

To evaluate the effect of possible abnormalities in proportions of the serum proteins on 
the composition of the cerebrospinal fluid, 8 serum samples, 2 from animals whose signs had 
disappeared and 6 from animals with signs of encephalomyelitis but with varying cerebro- 
spinal fluid total proteins, were examined electrophoretically in 0.15 ~ NaC1 plus 0.02 x~ 
phosphate buffer at pH 7.4 by the electrophoresis laboratory at the College of Physicians and 
Surgeons. The gamma globulin on a suitable dilution of these sera was also determined im- 
munochemically as described above (of. references 4, 15, 17) and the total protein was de- 
termined by micro-Kjeldahl technique. The percentage of gamma globulin in the sera was es- 
timated both from the electrophoretic patterns and from the values of gamma globulin and 
total protein. Serum samples were obtained immediately after lumbar puncture. 

R E S U L T S  

Table I summarizes data on white blood cells, cerebrospinal fluid protein, 
gamma globulin, and percentage of gamma globulin in 22 presumably normal 
monkeys. Results are listed in order of increasing total protein. Total  protein 
ranged from 8 to 50 rag. per 100 ml., gamma globulin from 0.4 to 6.3 rag. per 
100 ml., and the percentage of gamma globulin from 3 to 14 per cent with one 
grossly aberrant value of 26 per cent. 

I n  Table I I  are presented cerebrospinal fluid findings on 27 monkeys which 
had been injected with various emulsions with adjuvants and which remained 
symptom-free and at necropsy showed no evidence of pathological changes of 
acute disseminated encephalomyelitis in the central nervous system. Only 3 
of these animals had been injected with emulsions which had no encephalito- 
genie potency. M a n y  of the others, however, received injections of emulsions 
of diluted brain or of fractions of brain tissue given for the purpose of assaying 
these materials for encephalitogenic potency. Total  protein ranged from 9 to 
39 rag. per 100 ml., gamma globulin from 0.4 to 4.1 rag. per 100 ml., and the 
percentage of gamma globulin to total protein from 3 to 18 per cent. These 
values correspond quite closely to the values obtained in Table I with cere- 
brospinal fluid from animals presumed to be normal. The two highest values 
for percentage gamma globulin were obtained in 2 animals (2-78 and 3-48) in 
which the total protein was very low (9 rag.//100 ml.) so that  the experimental 
error was considerably greater than usual. The number of white blood cells in 
the normal and negative groups were comparable and varied from 1 to 24 per 
H l I n  3 . 

Data  on 15 monkeys which showed evidence of acute disseminated enceph- 
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alomyelitls at necropsy but which had either remained free of symptoms 
owing to the mildness of the disease or which had become symptom-free before 
the sample of cerebrospinal fluid was taken are given in Table I II .  All these 
animals showed total protein levels from 11 to 33 rag. per 100 ml., gamma glob- 
ulin levels from 0.9 to 6.0 mg. per 100 ml., and percentages of gamma globulin 
to total protein ranged from 6 to 23. By comparison with the data in Tables 
I and II, excluding the aberrant value in Table I, 3 of the animals (5-58, 2-38, 

TABLE I 
Total Protein and Gamma Globulin in Normal Monkey Corebrospinal Fluid 

Monkey No. 

3-67 
3-68 
3-29 
3-49 
3-51 
3-53 
3-52 
3-66 
3-39 
Ch 47 
3-28 
3-32 
3-65 
3-36 
3-33 
3-34 
3-54 
3-30 
3-38 
3-48 
Ch 27 
3-50 

Cell count 

RBC/mm.* WBC/mm? 

28 1 
0 1 
0 24 

I 2 
370 4 

1 1 
0 1 
0 2 
0 17 

3 
0 2 
0 2 

370 8 
20 3 

270 14 
700 16 

2 
220 0 

Slight amount blood 
5 ] 4 

Cl~xr 

Total protein 

mg./ lO0 rid. 

8 
11 
13 
13 
13 
14 
14 
14 
16 
16 
17 
17 
21 
21 
21 
24 
24 
24 
32 
34 
47 
5O 

Gamma globulin 

mg./lO0 ml. 

0.9 
0.6 
0.4 
0.6 
0.9 
0.7 
1.8 
0.4 
4.1 
0.5 
0.6 
0.9 
3.0 
1.0 
0.8 
2.4 
2.1 
1.3 
2.3 
4.5 
4.6 
6.3 

GAmm~ globulin 
Total protein 

11 
6 
3 
5 
7 
5 

13 
3 

26 
3 
4 
5 

14 
5 
4 

10 
9 
5 
7 

13 
10 
13 

2-41) showed increases in the proportion of gamma globulin greater than any 
of those in normal and negative animals. The number of white blood cells in 
the fluids was similar to that of the normal and negative animals and ranged 
from 1 to 25 per mmJ. 

Table IV gives data obtained in the cerebrospinal fluid of 44 monkeys showing 
signs of disseminated encephalomyelitis. I t  is evident that a large majority of 
these fluids showed increases in total protein and in gamma globulin and 21 
of the 44 fluids showed percentages of gamma globulin to total protein of 19 
or greater. 
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I n  20 monkeys  with disseminated encephalomyeli t is ,  i t  was possible to ob- 
ta in  2 or more specimens of cerebrospinal  fluid a t  various stages in the course 
of the disease. These da ta  are presented in Table  V and show several types  of 

TABLE I I  
Total Protein and Gamma Globulin in Cerebrospinal Fluid from Injected Monkeys Which 

Remained Negative for Disseminated Encephalomyditis 

Monkey No. 

2-78 
3-48 
2-74 
3-13 
2-8O 
4-O9 
3-21 
2-92 
3-31 
5-65 
5-68 
5-64 
3-27 
3-34 
2-63 
2-93 
2-95 
2-75 
3-43 
212~ 
4-89~ 
3-18 
2-29 
2-85 
2-34 
3-47 
2-11) 

Cel ]count 

RBC/mm.'  WBC/mm.S 

0 6 
0 10 
0 1 
0 2 

25 4 
0 3 

20 12 
5 

0 3 
0 2 

15 4 
0 5 

360 5 
0 1 

70 22 
140 4 
120 2 

Clear 
o [ 9 

Clear 

5 9 
0 3 

95 4 
130 5 

1840 16 
Clear 

Day of CSF 
sample* 

164 
191 
128 
62 

166 
200 
139 
155 
86 
66 
70 
70 

172 
87 

297 
155 
156 
159 
68 

188 

185 
165 
186 
57 

189 

Total 
protein 

mg./lO0 rtd. 

9 
9 

10 
10 
11 
12 
12 
13 
13 
14 
14 
15 
17 
18 
18 
19 
2O 
20 
20 
22 
22 
23 
25 
26 
27 
27 
39 

G ~ a  
globulin 

mg./100 ml. 

1.6 
1.6 
1.2 
0.4 
1.6 
1.3 
1.0 
0.4 
1.3 
0.9 
0.7 
1.4 
2.2 
2.3 
2.4 
0.7 
1.1 
1.4 
1.8 
2.9 
1.3 
3.1 
2.6 
2.4 
2.7 
2.8 
4.1 

Gaulnla 
globulin 

Total 
protein 

p~f C~l 

18 
18 
I0 
4 

14 
11 
8 
3 

10 
6 
5 

10 
13 
13 
13 
4 
6 
7 
9 

13 
6 

13 
10 
9 

10 
10 
11 

* Days after first injection of emulsions. 
Non-encephalitogenic emulsion. 

change in cerebrospinal  fluid in the acute  phase of the disease. In  7 instances 
(monkeys 3-85, 3-53, 4-99, 5-73, 4-76, 4-37, 4-54),  the acute phase of the 
disease was character ized by  a s tr iking rise in to ta l  prote in  and in gamma glob- 
ulin b u t  wi thout  any  great  change in the percentage of ga.mma globulin to 
to ta l  protein,  while in 9 other  instances (4-53, 3-84, 4-05, 5-60, 4--67, 4-98,  
4-78, 5-72, 5-28) a significant increase in the percentage of gamma globulin to 
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total protein was found as well. Nine of these 16 fluid specimens were obtained 
on the day of onset, 3 one day, 2 three days, and 2 four days after onset of the 
disease. 

As the disease process continued, those animals in which improvement was 
noted showed a drop in total cerebrospinal fluid protein frequently to normal 
levels (3-85, 3-84, 3-53, 5-60, 4-67, 4-98, 4-54, 5-28), while in 5 animals in 
which the illness became more severe, the total protein remained elevated or 
even increased (5-69, 4-99, 4-76, 4--37, 4-55). In 6 of the 8 animals which im- 
proved, the gamma globulin also decreased. In only 3 of these, however, did 

T A B L E  I I I  

Total Protein and Gamma Globulin in Cerebrospinal Fluid from Monkeys milk Disseminated 
Encephalomyditis Wki~h Remained or Had Become Symptom-Pree 

Monkey 
No. 

2-59 
3-71 
2-84 
5-58 
2-76 
2-62 
2-38 
2-83 
2-60 
3-69 
2-39 
2-41 
5-70 
2-94 
2-03 

Cell count 

RB C/ WB C/ 
nlin.8 nnn.8 

12 
0 12 
0 3 
0 7 
13 5 
0 7 
0 1 

28 25 
600 21 

82 17 
0 25 
0 25 

4700 12 
0 1 

Da: 
obl 
aft~ 
inj 

I 
• [ Day  fluid 

' fluid I obtained Day fluid 
~ined obtained i ft  r 

fl a e r first after rst  I 
~ctlon symptoms yml~Crns dimppeare¢ 

153 No symptoms observed 
85 55 ] 38 

169 No symptoms observed 
54 No symptoms observed 

154 No symptoms observed 
157 No symptoms observed 
316 263' 249 
355 213 98 
156 No symptoms observed 
104 74 64 
317 262 250 
312 273 252 

64 No symptoms observed 
156 No symptoms observed 
346 287 [ 217" 

I 

Total  
t protein 

mg./lO0 
raL 
11 
12 
13 
la. 

14 
14 
15 
17 
18 
21 
24 
26 
31 
32 
33 

G~Tmla 
globulin 

mg'/llO0 

1.0 
2.1 
0.9 
2.9 
2.3 
0.9 
3.2 
1.8 
1.3 
1.8 
3.5 
6.0 
3.6 
4.4 
4.4 

Gamma globulin 
Total  protein 

per ce~ 

9 
17 
7 

21 
16 
6 

21 
11 
7 
9 

15 
23 
12 
14 
13 

AU animals in this group showed pathological changes characteristic of acute disseminated encephalo- 
myelitis. 

*All symptoms had disappeared except blindness. 

the percentage of gamma globulin decrease (3-84, 5-60, 4-98) as well, so that 
the cerebrospinal fluid appeared completely normal. These 3 animals ultimately 
became negative for signs of encephalomyelitis, although necropsy showed 
typical pathological changes. In the other 3, the decrease in gamma globulin was 
less marked than was the decline in total protein so that the percentage of 
gamma globulin was ultimately increased (3-85, 3-53, 4-67). The remaining 
2 animals showed a considerable increase both in gamma globulin and percent- 
age of gamma globulin (4-54, 5-28). 

Of the 5 animals showing more severe symptoms, the gamma globulin rose in 
each instance, but the percentage of gamma globulin was increased in only 3 
of the 5 cases. 



TABLE IV 

Total Protein and Gamma Globulin in Cerebrospinal Fluid from Monkeys Showing Signs of Acute 
Disseminated Enccphalomeylitis* 

Cell count M~nkey . 

RBC/mm' WBC/mm.' 

l 
4-19 0 2 
5-51 0 13 
4-43 0 12 
3-70 86 14 
3-82 0 2 
5-35 0 15 
4-96 480 7 
5-90 6 24 
5-57 Clear 
4-72 0 [ 10 
6-06 0 ] 65 
5-0O 0 130 
3-81 Slightly bloody 
2-24 Clear 
3-80 0 36 
4-75 i0 31 
2-77 ~0 1032 
5-18 .4 9 
4-95 ~0 650 
2-51 
4-16 0 33 
3-57 ~4 112 
5-24 0 3 
6-07 3 66 
5-62 Clear 
5-74 Clear 
2-67 Clear 

2-89 I 
2-98 
3-54 280 55 
3-02 Clear 
2-66 282 [ 200 
5-48 Clear 
5-85 0 10 
3-94 24 30 

4-942-68 950 0 1560~ 

2-71 Clear 
5-36 0 400 
2-72 
4-03 350 284 
3-00 640 27 
2-88 
2-73 

Day fluid [ Day fluid 
obtained [ obtained 
after first I after first 
in~e¢ tic n ,. ~gns 

50 I o,  
62 r 1 

165 1 
35 0 
27 0 
22 1 
66 1 
37 2 
16 0 
23 0 
23 2 
23 0 
16 0 
53 1 
29 2 
21 0 
26 1 
29 0 
32 1 
20 0 
30 0 
23 0 
42 2 
25 4 
22 2 
44 19 
59 23 
23 3 
19 1 
22 2 
22 1 
26 3 
26 0 
39 1 
24 0 
60 9 
32 1 
58 27 
22 1 
51 32 
24 1 
24 1 
27 1 
20 19 

Symptoms when 
cerebrospinal 
fluid taken 

Slight 
Moderate 
Severe 
Moderate 
Severe 
Prostrate 
Moderate 
Moderate 
Moderate 
Moderate 
Moderate 
Prostrate 
Severe 
Prostrate 
Prostrate 
Severe 
Prostrate 
Moderate 
Blindness only 
Prostrate 
Moderate 
Severe 
Prostrate 
Slight 
Severe 
Prostrate 
Moderate 
Prostrate 
Prostrate 
Severe 
Severe 
Prostrate 
Prostrate 
Prostrate 
Moderate 
Prostrate 
Moderate 
Prostrate 
Prostrate 
Prostrate 
Moderate 
Prostrate 
Prostrate 
Prostrate 

Total 
protein 

mg./lO0 mL 
27 
30 
31 
33 
34 
38 
39 
42 
42 
45 
46 
46 
50 
52 
54 
55 
58 
62 
66 
66 
70 
72 
77 
78 
79 
82 
89 
99 
99 
99 

104 
112 
117 
128 
131 
135 
135 
137 
151 
152 
155 
180 
180 
212 

Gamma 
globulir 

wg./lOOn 

2A 
5A 
8.~ 
3.( 
3.4 
9.2 
5.0 
5.7 
7.1 
5.5 

13 
7.6 
9.6 
7.2 

10 
16 
14 
8.2 

>16 
7.8 

10 
11 

6.5 
16 
12 
29 

7.0 
19 
21 
17 
2O 
18 
23 
25 
27 
50 
21 
19 
35 
22 
21 
47 
37 
39 

Gamma globulin 
Total protein 

p~r c~$t 

11 
19 
27 

9 
11 
25 
13 
14 
17 
12 
28 
17 
19 
14 
19 
29 
24 
13 

>25 
12 
14 
15 
8 

20 
15 
35 

8 
19 
21 
17 
19 
16 
20 
19 
21 
37 
16 
14 
23 
14 
13 
26 
21 
18 

* Each animal was shown to have acute disseminated encephalomyelitis a t  necropsy. 
Cerebrospinal fluid sample taken the same day as symptoms first noted. 
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TABLE V 

Total Prot6in and Gamma Globulin in Cerebrospinal Fluid from Monkeys with Disseminated 
Encephalomyditis in Rdation to the Course of the Disease 

I Days 
M%akey I after first 

~ 0" l injeetio.____~n 

2-90 96 

149 

184 

204 

213 

269 

313 

323 

4-53 31 

36 

71 
73 

755 
795 

127 

239 

I 
Signs of disease 

noted 

Onset with 
slight 
progressive 
ataxia 
reaching peak of 
severe ataxia 
subsiding to 
slight 
ataxia 
second attack of 
severe ataxia 
slight improve- 
ment 
moderate 
ataxia continu- 
mg with 
fluctuations and 
fmaUy 
becoming slight 

Slow in move- 
ments, 
visual disturb- 
ance 
continuing with 
slight ataxia, 
dilated pupils, 
and 
blindness 
vision returned 
continued 
ataxic 
until 
reported symp- 
tom-free 
continued nega- 
tive 

)ay fluid 
)btained 
fter first 

signs 

88 

108 

117 

173 

217 

227 

5 

4O 
42 

44 
48 

208 

Cell count 

a RB C / ~  " * l ~C/ram} . 

570 26 

0 1 

0 11 

Slight ly  lbloody 

35 8 

0 73 

0 21 

0 1 
12 32 

0 I 6 
I 

To~l ] Gamma 
protein globulin 

mL nd. 
I 

19 3.8 

24* 5.8* 

17 2.7 

10 1.4 

22 4.3 

14 2.6 

32* 10" 

33 12 

32 9.7 
49 16 

17§ 1.9{ 

Gammer globulin 
Total protein 

~er ¢en~ 

20 

24* 

16 

14 

20 

19 

31" 

36 

30 
33 

it§ 

* Plotted in Fig. 1 C. 
:~ I t  is uncertain as to which of these fluids was taken on 75 and wh/ch on 79 days. 
§ Plotted in Fig. 1 B. 
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TABLE V--Continued 

No. 
Signs of disease 

noted 

3-85 

4-62 

3-84 

4-05 

3-53li 

ACUTE DISSEMINATED ENCEPHALOMYELITIS. VI 

Moderate 
ataxia 
becoming 
severe 
subsiding to 
moderate 
becoming nega- 
tive 
remained nega- 
tive 

Blindness 
widely dilated 
pupils 
no other symp- 
toms continued 
blind until sac- 
rificed 

Moderate 
ataxia becoming 
very severe with 
generalized 
tremors 
severe ataxia ro- 
tation of head 
and chin 
subsiding to 
slight ataxia 
very slight 
ataxia 

Severe ataxia 
continuing 
through entire 
course 

Moderate 
ataxia subsiding 
to slight, 
negative, slight 
negative con- 
tinued 
negative 

Gamma globulin 
Total protein 

per cenl 

9 5 

33 

i4§ 

13§ 

12 

21 

17 

16" 

9 

5* 

13 

II Cerebrospinal fluid findings before injection in Table I. 
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TABLE V - - C o n t i n u e d  

Monke 
No. 

220 

247 
(27) 

5-60 19 

2O 

42 
44 

4-67 48 

62 

4-98 31 

34 
44 

51 
140 

179 

4-78 21 

22 
48 

78 

192 

5-69 32 

Day,, Signs of disease ~er fi jecti~ noted 

received second 
course of injec- 
tions 
ataxia, unequal 
pupils 

Moderate 
ataxia became 
severe dimin- 
ished became 
negative 
continued nega- 
tive 

Marked ataxia 
became 
more severe, 
moribund 

Slight ataxia be- 
coming 
s e v e r e  

improvement 
continuing 
slight ataxia 
negative contin- 
uing 
negative 

Dilated pupils 
right internal 
strabismus 
moderate ataxia 
became blind 
ataxia decreased 
in severity 
blind otherwise 
negative 
continuing 
blindness 

Blindness last- 
ing 6 days 

171 

Cdl count 

15 

0 7 

117 64 

Clear 

2500 22 

0 3 

0 85 

315 16 

29 

17" 

1.9~ 

13" 

7.8 

17" 

3.1 

2.2~ 

8 . 4  ~ 

9.0 

Gamma xlobulin 
Total protein 

per c~t  

22 

20* 

11§ 

28* 

35 

20* 

9§ 

18" 

17 

¶ Days after second course. 
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TABLE V--Contim~d 

625 

Monk¢ 
No. 

5-72 

4-99 

5 73 

4-76 

4-37 

Days 
after first 
injection 

50 

62 

25 

28 
31 

20 
21 

24 

31 
33 

35 
48 

19 

20 
23 

29 
32 

33 

37 

Signs of disease 
noted 

vision regained, 
ataxia 
visual disturb- 
ances and ataxia 
continuing 

Ataxia and vis- 
ual disturbance 
continuing 
continuing 

Severe ataxia 
more severe 
ataxia 
continued 
ataxia, constant 
donic move- 
ments 

Pupils dilated 
blind slight 
ataxia 
continued 
more severe 
ataxia 

Moderate 
ataxia tremors 

blind, ataxia in- 
creasing in in- 
tensity, ptosis 
both eyelids 
prostrate, left 
pupil pin point, 
right pupil di- 
lated 

Visual disturb- 

i ance 
ataxia horizon- 
tal nystagmus, 
delivered dead 
infant blind 

Da ~ fluid 
o[ ained 
aft ~r first 

fills 

Cell count 

a WBCj 

94 

29 

308 
27 34 

0 13 

0 34 

0 117 
0 187 

37 166 

180 13 

4300 50 

Total 
/ protein 

ml. 
50* 

49 

76* 
52 

68* 

117 

88* 

163 

109 

Gamma 
globulin 

II  

21" 
11 

11" 

16 
11 

13 

17 

19 

Gamma globulin 
Total protein 

~er cent 

18" 

21 

28* 
20 

16" 

15 

16" 
16 

15" 

10 

17 
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TABLE V--Cono/uded 

Monkey Days after first 
No. injection 

4-54 

5-28 

4-55 

] 
Day fluid Cell count I 

Signs of disease obtained I noted after first 
signs RBC/mm.a WBC/ 

n l m o  8 

marked ataxia 
prostrate 

Widely dilated 
pupils 
blind, moderate 
ataxia, ptosis 
both eyelids, 
pupils dilated 
continuing with 
severe ataxia 

Moderate 
ataxia 
decreasing to 
slight ataxia 

Slight ataxia, 
weakness left 
side of mouth 
continuing un- 
changed 
severe ataxia in- 
creasing 
ataxia with in- 
tention and 
head tremors 

8 660 160 

0 0 7 

Total Gamma Gamma globulin 
protein globulin Total protein 

mg./lO0 mg./lO0 per ceng 
ral. ml. 

114' 21" 19" 

216 9.6 5 

2 1300 150 114" >42* >37* 

0 300 190 216" 41" 19" 

46 67 13 186 59 32 
b 

15 48 58 25 4.8 19 

37 350 124 180" 39* 22* 

One animal (4-62) in which blindness was the only evidence of disease noted 
throughout the entire course showed normal cerebrospinal fluid 19 and 198 
days after the onset of the disease. 

Another animal, 2-90, showed normal total protein levels 88 to 227 days after 
signs of encephalomyelitis were noted; the percentages of gamma globulin 
fluctuated frequently being abnormal and declining to the upper levels of nor- 
mal. 

Monkey 4-53 showed a very marked increase in gamma globulin and 
in percentage of gamma globulin from 5 to 38 days after signs developed, but  
several months after the signs disappeared and the animal appeared well, the 
cerebrospinal fluid findings were completely normal. 

Monkey 4-78 showed values for total protein, gamma globulin, and percent- 
age of gamma globulin just at  the upper limit of normal over a period of 171 
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days. Two animals (5-72, 5-73) in which the disease persisted in severity 
showed, during 3 and 13 day intervals respectively, drops in total protein and 
in gamma globulin; in one case the percentage of gamma globulin declined 
from 28 to 20 per cent and in the other remained constant at 16 per cent. 

The cerebrospinal fluid findings are shown graphically in Fig. 1, in which the 
values for total protein, gamma globulin, and percentage of gamma globulin 
are given in A for 22 normal plus 27 negative animals, in B for 20 animals which 
recovered and appeared well, and in C for 63 animals showing signs of disease. 

In 44 animals with signs of encephalomyelitis (Tables IV and V), the num- 
ber of white cells in the cerebrospinal fluid was determined. Values varied from 

TABLE VI 

Comparison of the Proportions of Gamma Globulin to Total Protein in Cerebrospinal 
Fluid and Serum 

Monkey No. 

5-68 
2-11 
3-70 
2-77 
5-74 
2-67 
2 -68 
5-36 

Total protein in 
cerebrospinal fluid 

rag./100 ml. 

14 
39 
33 
58 
82 
89 

I35 
151 

Gamma globulin 
Total protein 

Cerebrospinal fluid 

per c~t 

5 
11 
9 

24 
35 
8 

37 
23 

ImmunochemieM 

Serum 

per cent 

30 
17 
22 
24 
41 
27 
39 
23 

Electrophoretic* 

peg cent 

30 
16 
24 
23 
37 
26 
34 
26 

* Electrophoretic patterns were obtained in 0.1S M NaC1 -[- 0.02 ~r PO, by the Electro- 
phoresis Laboratory of Columbia University. 
q 

2 to 1500 per ram?. The median value for white cells was 66 per ram? as 
compared with a median value of 4 cells per ram:. for the normal and negative 
animals in Tables I and II  and of 7 cells per ram?. for the recovered animals in 
Table I IL Thirty-one of the 44 animals with encephalomyelitis had white cell 
counts higher than the highest value recorded for the normal, negative, or 
recovered groups. No correlation was apparent between the white cell count 
and the total protein, gamma globulin, or percentage of gamma globulin. 

A comparison of the proportion of gamma globulin in the cerebrospinal fluid 
and serum of 8 monkeys is given in Table VI. The first 2 of these were free of 
signs of encephalomyelitis at the time the serum and cerebrospinal fluids were 
drawn (cf. Table II). In these instances the proportion of gamma globulin to 
total protein was considerably lower in the cerebrospinal fluid than in the serum 
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despite a high proportion of gamma globulin in the serum of monkey 5-68. 
Similar results were also obtained with 2 monkeys showing signs of encephalo- 
myelitis; one of these (3-70) had a normal total protein in the cerebrospinal 

A 
• I • e l  

TOTAL PROTEIN 
rng. / I00 ml. 

B ~=l=,$ 

g| • I • 

3o 6o 9o ,~,o ,50 ,80 

GAMMA GLOBULIN 
A ~ = = . .  mg. / lOOml.  

B - - ~ .  • 

s t . , r , . . . . .  . t . .  • • 
5 IO 15 20 25 30 55 40 4~5 50 

GAMMA GLOBUL IN  / T O T A L  PROTEIN 
(./ .)  

,,li,..i, I, 
B t t I . I S . . *  l * 

° , , s i , i , , [ i  . s ' ,  , l " ' z s " t ' "  r s 
5 I0 1~5 20 2~5 30 55 

FIG. 1. Total protein, gamma globulin, and percentage of gamma globulin to total protein 
in the cerebrospinal fluids of: A, 22 normal and 27 negative monkeys; B, 20 animals with 
encephalomyelitis which had recovered and appeared well; C, 63 monkeys showing signs of 
acute disseminated encephalomyelitis. 

fluid while in the other (2-67), the total protein was considerably elevated. 
In 2 of the remaining 4 animals with active disease in Table VI, the proportion 
of gamma globulin to total protein in the cerebrospinal fluid, regardless of the 
total protein level, was strikingly elevated and was equal to that in the serum 
and in the other 2 was but  slightly lower. These results bear a striking similarity 
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to those already reported (1, 3, 4), comparing serum and cerebrospinal fluid 
gamma globulin/total protein ratios in normal human subjects and in cases of 
inflammatory disease of the central nervous system with those of neurosyphilis 
and multiple sclerosis. In the former group the cerebrospinal fluid gamma globu- 
lin/total protein ratio was consistently less than the corresponding serum ratio, 

.diEd. 

TOTAL PROTEIN 
mg./lO0 ml. 

30 60 90 120 150 tSO 

GAMMA GLOBULIN 
mg./lOOml. 

S I o_e_ i 

5 I0 15 20 25 ~b 3~ 

GAMMA GLOBULIN/TOTAL 
( % )  

• ,i!!: 
l o s  

PROTEIN 

i ii 11111 i;I '" . . . . .  , ,  ." t !  i ' |  t !  t ~ i !  • • 
s , o  ,~ zo 2~ 30 3's ,~o ,~ 

FIo. 2. Total protein, garam~t globulin, and percentage of gamma globulin to total protein 
in the cerebrospinal fluids of: A, 32 individuals with normal cerebrospinal fluid proteins; B, 
100 individuals with well established multiple sclerosis; data from reference 4. 

while in many cases of neurosyphilis and multiple sclerosis, the ratio in the 
cerebrospinal fluid (regardless of the total protein content) was equal to or 
higher than that found simultaneously in the serum. These observations coupled 
with the findings in monkeys are consistent with the belief that in these diseases 
a large proportion of the gamma globulin of the cerebrospinal fluid is probably 
formed within the central nervous system. 

The abnormally high proportion of serum gamma globulin in 3 of the monkeys 
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(2-68, 5-68, 5-74) was probably due to the trypanosomiasis which the monkeys 
were discovered to have (19). The proportion of gamma globulin to total pro- 
tein in the sera of the 8 monkeys by immunochemical assay and by electro- 
phoresis was in very close agreement. This contrasts sharply with the findings 
of Jager, Smith, Nickerson, and Brown (20) who reported considerably higher 
immunochemical values for gamma globulin in human serum as compared with 
the electrophoretic values. Moore (21) had previously reported the electro- 
phoretic patterns of 3 sera from rhesus monkeys and had found 16, 26, and 
29 per cent of gamma globulin. 

A comparison of the changes in the cerebrospinal fluid proteins with the path- 
ological findings in the central nervous system revealed the following: Normal 
or low values for cerebrospinal fluid total protein and gamma globulin were 
noted in those animals which had relatively few and small lesions. Such values 
occurred less frequently when moderate or large numbers of small lesions were 
present and were seen most often when the pathological process was chronic 
and many of the lesions were healed even though some might be large. With 
increasing numbers of lesions there is a progressive increase in cerebrospinal 
fluid protein and as the lesions increase in size and as more acute necrotizing 
lesions occur, the protein increase is more pronounced and a rise in the absolute 
gamma globulin is noted. 

Focal inflammatory involvement of the choroid plexuses and leptomeninges 
by acute or subacute lesions and the presence of acute or subacute lesions in the 
walls of the ventricles often lead to considerable protein increases and high 
gamma globulin especially when lesions are large and numerous throughout. 
With involvement of the leptomeninges or choroid plexus alone, this effect is 
usually much less marked. The high ratios of gamma globulin to total protein 
are found evenly scattered among the lesions without regard to size, severity, 
age, and distribution or combinations of these and may therefore be related to 
the underlying mechanisms in this experimental disease. 

DISCUSSION 

The data presented clearly establish that changes in the white cell count and 
in the cerebrospinal fluid proteins occur in rhesus monkeys with experimentally 
induced acute disseminated encephalomyelitis and that these changes are most 
pronounced when signs of this condition are present. As remission of various 
signs occurs, the cerebrospinal fluid picture tends to return to normal. (Tables 
I to V, Fig. 1.) 

The changes in the cerebrospinal fluid may be of two general types. The 
first type is illustrated by monkey 4-53 (Table V) which showed total protein 
levels in the cerebrospinal fluid ranging from 32 to 49 rag. per 100 ml. from the 
5th to the 48th day after neurological signs were noted. These values would 
fall on the high side of normal. (Fig. 1.) The gamma globulin and the percent- 
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age of gamma globulin were strikingly elevated, however, and varied from 9.6 
to 16 rag. per 100 ml. and from 30 to 36 per cent, respectively. This pattern 
conforms closely with that found in the cerebrospinal fluid in the majority of 
cases of human multiple sclerosis (3, 4) and neurosyphilis. Several months after 
the complete disappearance of signs in this monkey normal values for total 
protein, gamma globulin, and percentage of gamma globulin were found. 

The second type of change in the cerebrospinal fluid, illustrated by monkey 
3-85, is characterized by an initial rise in total protein and in gamma globulin 
with the percentage of gamma globulin remaining normal or rising slightly. 
One day after onset monkey 3-85 had a total protein of 116 rag./100 ml., a 
gamma globulin of 10 mg./100 ml. with 9 per cent gamma globulin. 26 days 
later, however, as the acute process subsided, the total protein had dropped to 
15 mg./100 ml. and the gamma globulin to 5.1 rag./100 ml. giving a value of 
33 per cent gamma globulin. With the further subsidence of the disease process, 
all values returned to normal. The high values for total protein and gamma glob- 
ulin with a normal percentage of gamma globulin in the acute stage of the 
disease resemble the findings in a variety of human neurological diseases char- 
acterized primarily by inflammation (3, 4) in which the increase in cerebrospinal 
fluid proteins results from transudation of serum protein. The necropsy find- 
ings in many of the monkeys with acute disseminated encephalomyelitis fre- 
quently show intense inflammatory changes, especially in those animals dying 
or sacrificed in the acute stages of the disease. With the subsidence of these 
acute inflammatory changes the increase in the proportion of gamma globulin 
to total protein becomes evident. This increase in the percentage of gamma glob- 
ulin to total protein, characteristically occurring in human neurosyphilis and in 
multiple sclerosis, has been shown not to be due to increased permeability of 
the blood-brain barrier to serum protein, but has been attributed to synthesis 
of gamma globulin within the central nervous system (1, 3, 4). It may be sup- 
posed that in the acute disseminated encephalomyelitis in the monkey a similar 
mechanism operates to increase the percentage of cerebrospinal fluid gamma 
globulin in the animals showing an increased proportion of cerebrospinal fluid 
gamma globulin throughout the course of the disease (e.g. 4-53) as well as in 
those showing such a change only after the acute stage of the disease has passed 
(3-85). Needless to say, individual monkeys may show either of these types of 
cerebrospinal fluid change, or some intermediate pattern; occasional animals 
may show no cerebrospinal fluid changes. (of. monkey 4-62, Table V.) 

To provide a comparison on a statistical basis, the total protein, gamma glob- 
ulin, and percentage of gamma globulin in the cerebrospinal fluid from 32 
individuals with presumably normal cerebrospinal fluid proteins (3) and from 
100 patients with well established multiple sclerosis (4) are given in Fig. 2. By 
comparison with Fig. 1, it is immediately evident that in multiple sclerosis the 
vast majority of patients have a normal total protein in the cerebrospinal fluid 
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(Fig. 2 B) while in the monkey with active disseminated encephalomyelitis the 
total protein is usually considerably increased (Fig. 1 C). A very large propor- 
tion of both human beings and monkeys show increased gamma globulin levels 
in the cerebrospinal fluid, the values in the monkeys being elevated over a 
broader range. The human cases of multiple sclerosis, however, showed a very 
sharp increase in the percentage of gamma globulin as compared with the mon- 
keys. This would be expected since the total proteins in the cerebrospinal fluid of 
the human cases were generally normal. Advanced multiple sclerosis is not com- 
plicated by the acute inflammatory picture seen in monkeys in the early stages 
of acute disseminated encephalomyelitis. As already noted the changes in the 
cerebrospinal fluid in the human being would, therefore, result from production 
of gamma globulin within the central nervous system. 

s ~ Y  

The white cell count, total protein, gamma globulin, and percentage of 
gamma globulin in the cerebrospinal fluid of monkeys with acute disseminated 
encephalomyelitis produced by the injection of brain emulsions with adjuvants 
have been studied. 

The acute phase of the disease is characterized by a rise in the white cell 
count, total protein, and gamma globulin in the cerebrospinal fluid. In some 
instances the percentage of gamma globulin to the total protein may be nor- 
mal while in others it is elevated. 

As the acute process subsides, the total protein declines and animals fre- 
quently show an increase in the percentage of gamma globulin to total protein. 

The relation of the cerebrospinal fluid findings in acute disseminated en- 
cephalomyelitis in the rhesus monkey to those in human multiple sclerosis is 
discussed. 
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